Background: Individuals with intrauterine growth retardation (IUGR) who demonstrate a catch-up in body weight are prone to insulin resistance. high expressions of suppressor of cytokine signaling 3 (sOcs3) are thought to aggravate insulin resistance. We hypothesized that downregulating sOcs3 expression via small interfering RNa (siRNa) might have beneficial effects on insulin-resistant hepatocytes of catch-up growth IUGR rats (cG-IUGRs). Methods: an IUGR rat model was employed via maternal nutritional restriction. after evaluating metabolic states of cG-IUGR offspring, effective SOCS3-specific siRNa (sisOcs3) was transfected into cultured hepatocytes using liposomes. mRNa levels of sOcs3, insulin receptor substrates (IRss), phosphatidylinositol 3-kinase (PI3K), and akt2, key gluconeogenesis genes, were assessed via real-time PcR. Protein expression and phosphorylation changes were evaluated via western blot. results: cG-IUGR hepatocytes showed increases in sOcs3 and gluconeogenic gene expressions, and decreases in IRs1 and PI3K expressions as compared with controls. after transfecting cG-IUGR hepatocytes with sisOcs3, protein levels of IRs1, PI3K, and phosphorylated akt2 were higher as compared with those of untransfected cG-IUGR cells. Transcriptional suppression effects of gluconeogenesis genes were more obvious in sisOcs3-treated cells after insulin stimulation. conclusion: additional insights were provided to understand mechanisms of insulin resistance in cG-IUGR rats. Downregulating sOcs3 might improve insulin signaling transduction and ameliorate hepatic glucose metabolism in insulin-resistant cG-IUGR rats in vitro.
W
orldwide epidemiological data have shown that intrauterine growth retardation (IUGR), low birth weight, and subsequent adulthood obesity are highly correlated with the development of metabolic syndrome, which comprises hypertension, cardiovascular disease, type 2 diabetes mellitus, and dyslipidemia. Insulin resistance is considered to be a fundamental contributor to metabolic syndrome (1) (2) (3) . The underlying causes of IUGR are complicated. In developed countries, poor placental function and cigarette smoking during pregnancy are the most common factors causing IUGR, although maternal malnutrition is the major determinant of IUGR in developing countries (4) . Approximately 85-90% of infants with IUGR demonstrate catch-up growth during the first 2 y, and those who display a catch-up in body weight are more prone to insulin resistance (5) . However, the underlying molecular mechanisms that result in insulin resistance in individuals with catch-up IUGR are still not fully understood.
Suppressor of cytokine signaling (SOCS)-family proteins have been identified as inhibitors of cytokine-induced signaling pathways in various tissues and serve as physiological regulatory feedback loops (6) . Suppressor of cytokine signaling 3 (SOCS3) is highly expressed in the liver, skeletal muscle, and adipose tissue of animal models with insulin resistance (7, 8) . Studies have also shown that SOCS3 plays an important role in regulating insulin signaling in several ways. It can bind the insulin receptor (IR), impair the phosphorylation of the insulin receptor substrate (IRS)1 and 2 without inhibiting IR phosphorylation, and reduce the expression of IRS1 and IRS2 via a ubiquitin-mediated degradation (9) . Furthermore, the overexpression of SOCS3 can also inhibit preproinsulin gene transcription in pancreatic β-cells, which directly reduces insulin secretion (10) . Heterozygous SOCS3-deficient mice do not develop insulin resistance when exposed to a high-fat diet (11) , whereas a SOCS3 deletion causes embryonic lethality on days 12-16 (12) . Therefore, tissue-or cell-specific knockouts/knockdowns of SOCS3 were developed in recent studies. Liver-specific SOCS3 knockout mice demonstrated an apparently improved insulin sensitivity in the liver but exhibited obesity and systemic insulin resistance with age (13) . A SOCS3 knockdown increased fatty acid oxidation in primary adipocytes of rats with diet-induced obesity (14) . Our previous study confirmed that downregulation of SOCS3 promoted an insulin-stimulated glucose transporter 4 translocation and ameliorated insulin sensitivity in IUGR skeletal muscle cells (15) . Although studies concerning the role of SOCS3 in insulin signaling have been extensively performed both in vitro and in vivo, and primarily focused on using adipose tissue, skeletal muscle,
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Knockdown of SOCS3 and insulin sensitivity liver, or cell lines, research on the role of SOCS3 in the insulin signaling of primary hepatocytes of IUGR offspring exhibiting early catch-up growth is rare.
In this study, we assessed basal and insulin-stimulated expressions of SOCS3, IRS1, IRS2, phosphatidylinositol 3-kinase (PI3K), and Akt2 in the hepatocytes of IUGR rats undergoing an early catch-up in body weight, as well as in those of normal rats. Small interfering RNAs (siRNAs) targeting SOCS3 were designed and evaluated for their gene-silencing effects in hepatocytes with insulin resistance. We demonstrated that a downregulation of SOCS3 can ameliorate insulin resistance of catch-up IUGR rats in vitro by enhancing the signal transduction of the post-insulin receptor pathway.
ReSULTS

Early Catch-Up Growth IUGR Model
The birth weights of the pups with IUGR were lower than those of the appropriate for gestational age (AGA) pups. The pups with IUGR demonstrated an accelerated weight gain from postnatal week 1 and caught up with the AGA pups before the third postnatal week. After that, the weights of the pups with IUGR were significantly higher and kept increasing above those of the AGA pups. The birth lengths of the pups with IUGR were lower than those of the AGA pups. The pups with IUGR demonstrated a trend toward a gradual catch-up in body length after birth and had caught up to the AGA group by the third postnatal week. The BMIs of the pups with IUGR were lower than those of the AGA pups before 2 wk of age, but gradually surpassed the AGA pups thereafter ( Table 1) .
At 8 wk, both absolute growth rate and fractional growth rate of the catch-up growth IUGR rats (CG-IUGRs) were significantly higher than those of AGA rats (P < 0.05). The liver weight per body weight and liver weight per body length were higher in CG-IUGR group as compared with the AGA group, but the differences did not reach statistical significance (P > 0.05), whereas the fat mass per body weight and fat mass per body length were statistically higher in CG-IUGR than AGA rats (P < 0.05). There was no difference in the skeletal muscle weight per body weight of CG-IUGR rats as compared to AGA rats. However, statistical difference existed in the skeletal muscle weight per body length between these two groups ( Table 2) .
Glucose and Lipid Metabolism
There were no significant differences in fasting glucose levels of CG-IUGR rats as compared with the AGA rats (5.18 ± 0.47 mmol/l vs. 4.82 ± 0.76 mmol/l; P > 0.05). However, the fasting insulin concentration was higher in CG-IUGR than AGA rats (18.20 ± 5.92 mU/l vs. 10.72 ± 3.31 mU/l; P < 0.01). In addition, there were significant differences in the homeostasis model assessment of insulin resistance (4.19 ± 0.36 vs. 2.30 ± 0.34; P < 0.01) and high density lipoprotein-cholesterol (0.71 ± 0.17 mmol/l vs. 0.93 ± 0.11 mmol/l; P < 0.01) between the CG-IUGR and AGA groups, respectively, whereas there were Furthermore, using the intraperitoneal glucose tolerance test, it was determined that glucose and insulin levels at 30, 60, 90, and 120 min were higher in CG-IUGR than AGA rats ( Table 3) .
Increased SOCS3 Expression in Primary Hepatocytes of CG-IUGR Rats
We investigated whether SOCS3 mRNA and protein expression levels were different between these two groups. After 24 h of being in a serum-free culture with or without 100 nmol/l insulin for 30 min, cells were harvested for mRNA expression assessment with real-time PCR and protein level determination via western blotting. As shown in Figure 1 , SOCS3 mRNA expression in CG-IUGR hepatocytes was greater than that of the AGA hepatocytes at baseline. Furthermore, increases in SOCS3 expression were more notable in the CG-IUGR hepatocytes after stimulation with insulin, which was consistent with the protein expression levels of SOCS3.
Impaired Insulin Signaling in Primary Hepatocytes of CG-IUGR Rats
The expression levels of molecules involved in the postinsulin receptor pathway were assessed to determine whether there were alterations in the insulin signaling of CG-IUGR hepatocytes as compared with AGA hepatocytes. As shown in Figure 2 , the basal mRNA levels of IRS1 (P < 0.01, Figure 2a ) and PI3K (P < 0.01, Figure 2c ) were higher in the AGA group than in the CG-IUGR group. After stimulating the cells with insulin, these differences were more obvious between the two groups. Furthermore, there were no statistical differences in basal IRS2 (P > 0.05, Figure 2b ) or Akt2 (P > 0.05, Figure 2d ) mRNA expression levels. After treatment with 100 nmol/l insulin, the mRNA expression levels of all molecules were higher than those at basal conditions. The increased expression of Akt2 (P < 0.05, Figure 2d ) in CG-IUGR hepatocytes was much lower than that of the AGA cells, whereas the increased expression of IRS2 (Figure 2b) was not significantly different between these two groups in the insulin-treated state.
The relative protein expressions of the aforementioned molecules were also detected under basal and insulin-stimulated conditions in these two groups via western blotting. The decreases in IRS1 (Figure 3a ) and phosphorylated Akt2 (Figure 3d ) levels in CG-IUGR hepatocytes were more significant under insulin-stimulated conditions, and PI3K p85 concentrations were much lower in the CG-IUGR group than in the AGA group with or without insulin treatment (P < 0.01, 
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Knockdown of SOCS3 and insulin sensitivity Figure 3c ). However, no decrease in IRS2 protein was obvious between these two groups with or without insulin treatment (Figure 3b ).
Altered Transcriptional Expressions of Gluconeogenesis Genes in CG-IUGR Hepatocytes
To evaluate glucose metabolism in CG-IUGR hepatocytes, mRNA levels of phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase (G6Pase) were assessed in liver cells. The transcriptional levels of both PEPCK and G6Pase genes were higher in CG-IUGR than AGA hepatocytes in the basal condition, and decreased in both groups after insulin stimulation; however, the suppressing effects of insulin were more obvious in the AGA group, suggesting that the actions of insulin were blunted in CG-IUGR cells (Figure 2e,f) .
Knockdown of SOCS3 Expression by SOCS3-siRNA in Primary Hepatocytes
Three siRNAs targeting SOCS3 and scrambled siRNA were transfected into the primary hepatocytes using the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) to identify the most effective siRNA duplex. Forty-eight hours after siRNA delivery, SOCS3 mRNA and protein were detected via real-time PCR and western blot. The scrambled siRNA did not affect the expression levels of SOCS3, and of the three siRNA duplexes, SOCS3-specific siRNA (siSOCS3)-2 displayed the most efficiency in decreasing both mRNA and protein expression of SOCS3 in hepatocytes (Figure 4) . These results indicate that siSOCS3-2 is the most efficient duplex for knocking down SOCS3 expression in liver cells, and this siRNA duplex was subsequently delivered in the following experiments.
Downregulation of SOCS3 Expression Ameliorates Insulin Signaling in Hepatocytes of CG-IUGR Rats
Based on the aforementioned differences between AGA and CG-IUGR rats, we chose to determine IRS1 and PI3Kp85 subunit expression after siSOCS3 transfection to evaluate the influences of downregulating SOCS3 on the insulin signal pathway. After 48 h of transfection, the protein levels of IRS1 (P < 0.05, Figure 5a ) and PI3kp85 (P < 0.05, Figure 5b ) were increased in hepatocytes isolated from CG-IUGR rats both in the basal and insulin-treated conditions. The expression of phosphorylated Akt2 was higher in the siSOCS3-transfected cells as compared with those that were not transfected, and the augmenting effects were significant after insulin stimulation for 30 min (Figure 5c ). These results suggest that insulin signaling was enhanced after knocking down the expression of SOCS3.
Downregulation of SOCS3 Expression Improves Glucose Metabolism in Hepatocytes of CG-IUGR Rats
To investigate the influences of downregulating SOCS3 expression on glucose metabolism in CG-IUGR hepatocytes, the transcriptional levels of PEPCK and G6Pase were compared between siSOCS3-treated and siSOCS3-untreated CG-IUGR Articles Ye et al. Figure 6a , the transcriptional level of PEPCK did not change significantly after the treatment with siSOCS3 in the basal state. However, after insulin stimulation, the suppression of PEPCK transcription was more obvious in siSOCS3-treated cells. The mRNA expression of G6Pase demonstrated a similar trend to that of PEPCK; however, the amplitude of inhibition was lower than that of the PEPCK gene (Figure 6b) . These findings suggest that after transfection with siSOCS3, CG-IUGR cells have a reduction in hepatic glucose production due to changes in the transcriptional expression of gluconeogenesis genes.
hepatocytes. As shown in
DISCUSSION
IUGR results from a failure of the fetus to achieve its intrinsic growth potential due to anatomical or functional disorders in the feto-placental-maternal unit (16) . Nutritional interventions during pregnancy have become an accepted and effective manipulation for establishing models of IUGR that attempt to mimic the nutritional situations of developing countries, where maternal malnutrition is ranked as the leading cause of IUGR (17) . Furthermore, prenatal nutritional restriction has been proven to be a sensitive model for investigating the links between IUGR, early postnatal catch-up growth, and later development of metabolic disorders (18) . Herein, we employed a rat model of IUGR via maternal nutritional restriction during the entire gestational period. Following enhanced nutritional supplementation after birth, the pups with IUGR exhibited catch-up growth reflected by increased fractional growth rate as compared with control animals and developed insulin resistance at 8 wk of age. The serum free fatty acid levels, which were negatively associated with insulin sensitivity in both animals and humans, trended higher in CG-IUGR rats than in controls. The fasting insulin levels in CG-IUGR rats were almost 1.7-fold higher, and the amplitudes of increased glucose and insulin levels after a glucose load were significantly higher than those of the control rats.
The liver is an insulin-sensitive organ, and many hepatic metabolic functions are coordinated by insulin. Hepatic insulin Representative western blots are also displayed beneath. The gray bar refers to insulin treatment, whereas the white bar indicates no insulin treatment. Data are presented as mean ± SD (n = 6). *P < 0.05 and **P < 0.01 CG-IUGR vs. AGA under the same condition. † P < 0.05 and ‡ P < 0.01 insulin-treated vs. basal condition of the same group. AGA, appropriate for gestational age; CG-IUGR, catch-up growth intrauterine growth retardation rats; IRS, insulin receptor substrate. 
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Knockdown of SOCS3 and insulin sensitivity resistance has been considered to be an underlying cause of the metabolic syndrome, nonalcoholic fatty liver, and type 2 diabetes mellitus (19) . Hepatic insulin resistance is characterized by a blunted suppression of hepatic glucose production in response to insulin, which is secondary to the impairment of insulin signaling (20) . A postreceptor defect in the intracellular insulin signaling cascade decreases the insulin-induced suppression of hepatic glucose production (21) . IRS proteins connect activated insulin receptors with essential downstream kinase cascades, and therefore a decrease in the expression of hepatic IRS proteins may play a key role in inducing insulin resistance. Both IRS1 and IRS2 are highly expressed in the liver, and their roles in hepatic insulin action are still controversial, despite their high homology. IRS1-knockout mice exhibit growth retardation, insulin resistance in skeletal muscle, and glucose intolerance, whereas IRS2-deficient mice exhibit insulin resistance in the liver and peripheral tissues combined with impaired β-cell development, thereby leading to type 2 diabetes. In other words, IRS2 appears to play a predominant role in the insulin signaling pathway, which controls glucose metabolism (22, 23) . A liver-specific knockdown of IRS1 results in an upregulation of gluconeogenesis enzymes and a trend toward elevated blood glucose levels, whereas a liver-specific knockdown of IRS2 results in the upregulation of lipogenesis enzymes and an accumulation of lipids within the liver, suggesting that IRS1 has a major role in glucose homeostasis, whereas IRS2 is more closely related to lipid metabolism (24) . In this study, we found that IRS1 levels were significantly lower in primary hepatocytes of CG-IUGR rats than in controls, whereas IRS2 expression was not different between the two groups. Following insulin stimulation, IRS protein levels were higher as compared with the basal expression levels, and IRS1 levels in the control group increased more notably than in the CG-IUGR group under insulin-stimulating conditions. These observations are consistent with the hepatic downregulation of IRS1 expression in obese mice (25) . Therefore, we demonstrate that IRS1 plays a critical role in the insulin signaling pathway of primary hepatocytes isolated from CG-IUGR rats.
PI3K is a pivotal molecule activated by insulin to mediate its metabolic effects, and its p85 regulatory subunit is considered to be the main response pathway for most stimulation. Protein kinase B/Akt belongs to downstream kinases and mediates the effects of insulin on glucose transport, glycogen synthesis, protein synthesis, lipogenesis, and suppression of hepatic gluconeogenesis. The expression of both PI3K and protein kinase B is decreased in the skeletal muscle of obese patients with insulin resistance (19) . Both IRS1-associated p85 levels and phosphorylated Akt expression are increased following rapamycin treatment of HepG2 cells, which display interleukin-6-induced insulin resistance (26) . This observation is consistent with our findings, in which p85 levels and phosphorylated Akt2 expression were lower in CG-IUGR than AGA hepatocytes.
Accumulating evidence from human and animal studies suggests that SOCS3 may play a critical role in modulating the insulin signaling pathway. Transcriptional levels of SOCS3 were previously found to be upregulated in adipose tissue, skeletal muscle, and livers of obese mice with insulin resistance. Furthermore, an adenoviral-mediated overexpression of SOCS3 decreased the hepatic expressions of IRS1, IRS2, and PI3K, and resulted in glucose intolerance, systemic insulin resistance, and hepatic steatosis (9) . Constitutive SOCS3 overexpression was also shown to decrease insulin-induced glucose uptake and lipogenesis in adipocytes (27) . Therefore, we compared the expression of SOCS3 between the AGA and CG-IUGR groups, and found that SOCS3 was upregulated, whereas IRS1 and the p85 subunit of PI3K were downregulated in hepatocytes of CG-IUGR rats. These findings corroborate those of previous studies on insulin-resistant animal models. Moreover, we demonstrated that insulin could not only increase the mRNA and protein expression of SOCS3 but also that after insulin stimulation the differences in SOCS3 expression between the two groups was more obvious. Given that SOCS3 overexpression can attenuate the actions of insulin both in vivo and in vitro, it appears to be an excellent candidate for ameliorating insulin sensitivity. In this study, we found that the expressions of IRS1, the associated PI3K p85 subunit, and activated Akt2 were restored after we transfected the most effective siSOCS3 into the hepatocytes of IUGR rats. Therefore, we demonstrated that a knockdown of expression of SOCS3 can improve the transduction of the post- Articles Ye et al.
insulin receptor signaling pathway. These findings corroborate previous study, which demonstrated that an antisense suppression of SOCS3 expression improves insulin sensitivity in the livers of obese diabetic mice (28).
PEPCK and G6Pase are the two rate-limiting enzymes in the gluconeogenesis pathway. Furthermore, G6Pase catalyzes G6P into free glucose, which is the final step shared in both gluconeogenesis and glycogenolysis. Since gluconeogenesis and glycogenolysis 
Knockdown of SOCS3 and insulin sensitivity result in hepatic glucose production, both enzymes have critical roles in maintaining glucose within a normal range in both the fasted and fed states. G6Pase and PEPCK expressions were previously shown to be upregulated in the livers of mice with insulin resistance or diabetes mellitus (29) . This observation was consistent with the findings of our study, in which we confirmed that the mRNA levels of G6Pase and PEPCK were elevated in CG-IUGR hepatocytes as compared with controls. It was previously shown that an overexpression of G6Pase mediated by an adenovirus reduced glycogen synthesis, increased glucose production in hepatocytes, and elevated triglyceride content in skeletal muscle. In addition, it was demonstrated that basal hepatic glucose production increased in transgenic mice overexpressing PEPCK (30) . Both of these genes are regulated at the transcriptional level and can be activated by peroxisome proliferative activated receptor-γ coactivator 1a (PGC-1a), which is induced by glucocorticoid and cyclic adenosine monophosphate and inhibited by insulin. In this study, after insulin stimulation, the transcriptional levels of G6Pase and PEPCK decreased in both the CG-IUGR and AGA groups. However, the amplitude of the decrease was obviously different between the two groups, indicating that the insulin signaling was blunted in the hepatocytes of CG-IUGR rats. After transfecting the effective siSOCS3 into the hepatocytes of IUGR rats, insulin sensitivity was restored and demonstrated a significantly greater downregulation in the transcriptional expressions of G6Pase and PEPCK than those without siSOCS3 treatment. Furthermore, phosphorylated Akt2 levels in CG-IUGR liver cells were elevated after transfection, and subsequently forkhead box O1 was inactivated by phosphorylation to inhibit the transcription of G6Pase and PEPCK (31) . Therefore, we confirmed that knocking down the expression of SOCS3 ameliorates the insulin signaling pathway and decreases hepatic glucose production by downregulating the transcriptional expressions of gluconeogenesis genes in primary hepatocytes of CG-IUGR rats.
In summary, we employed a rat model of IUGR through maternal nutritional restriction during the entire gestational period and confirmed that primary hepatocytes from CG-IUGR rats with insulin resistance display an upregulated expression of SOCS3 and gluconeogenesis genes while downregulating the expression of molecules involved in the insulin signaling pathway. Furthermore, we demonstrated that knocking down the expression of SOCS3 improves the signal transduction of insulin through the postinsulin receptor signal pathway and ameliorates hepatic glucose metabolism through a downregulation of gluconeogenesis genes in vitro. Therefore, this study provides further insight into understanding the mechanism involved in the development of insulin resistance in early catch-up IUGR rats, and we speculate that targeting SOCS3 with siRNA may be a potential therapeutic for IUGR individuals with insulin resistance, which we will investigate in vivo in our further study.
MATeRIALS AND MeTHODS
Animal Model
A rat model of IUGR via maternal nutritional restriction during the entire gestational period was employed as in our previous study (15) and is briefly described as follows: Thirty female and 10 male adult rats were caged together overnight at a ratio of 3:1. Pregnant rats were randomly divided into two groups. The control group mothers (i.e., AGA group) were fed a standard rodent chow, whereas the IUGR group mothers were fed 7.5 g/d (i.e., 30% of normal intake) of the same diet from the day when pregnancy was confirmed to the day when the rat pups were delivered. Mothers in both groups were provided with food ad libitum following delivery. The gestation length, litter size, sex ratio, and survival rates of the fetuses were similar between the AGA and IUGR groups. The litter size was culled to five pups per litter at birth in the IUGR group, as compared with eight pups per litter in the control group, to ensure the catch-up growth of the offspring with IUGR. All pups were weaned after 3 wk of breastfeeding, and then fed a standard chow. Body weights and lengths were also measured at birth and every week thereafter. Absolute growth rate (weight gained per day) and fractional growth rate (weight gained per day, divided by birth weight) were analyzed from birth to 8 wk. Liver, skeletal muscle (right thigh), and fat pads (perirenal and retroperitoneal fat pads) were carefully dissected on rat pups aged 8 wk. Organ masses were then calculated relative to body weight and body length for standardization.
All procedures were approved by the Review Board of Animal Study Committee in Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology.
Metabolic Measurements
Eight-week-old rats were killed following a 12-h fast. Serum was separated for subsequent detection of glucose and lipid metabolism. Glucose was measured using the glucose-oxidase/peroxidase method (Rongsheng Biotech, Shanghai, China). Triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and total cholesterol were determined via assay kits (Huili Biotech, Changchun, China). Serum free fatty acid was assessed via a detection kit (Njjcbio, Nanjing, China). Plasma insulin was measured using an enzymelinked immunosorbent assay kit (Millipore, Billerica, MA).
Glucose Tolerance Tests
At 8 wk of age, the offspring from both groups were fasted for 8 h. Then, after an intraperitoneal glucose injection (2 g/kg of body weight), blood was sampled from the tail vein at 0, 30, 60, 90, and 120 min.
Primary Hepatocyte Culture and Identification
Primary rat hepatocytes were isolated using a modified two-step in situ noncirculating perfusion method (32) . The liver was perfused via the portal vein with D-Hanks buffer solution, and then again perfused with Hanks buffer solution containing 0.05% collagenase type IV (Biosharp, Seoul, South Korea). The isolated hepatocytes were washed and purified in Dulbecco's modified Eagle's medium (Hyclone, Logan, UT), filtered through a 70 μm metal mesh, and centrifuged three times at a low speed for 3 min at 39g at 4 °C. Cells were then resuspended in Dulbecco's modified Eagle's medium (high glucose: 22.48 mmol/l) containing 10% fetal bovine serum (Gibco, Grand Island, NY), 100 U/ml of penicillin, and 100 μg/ml of streptomycin. Cell viability was determined via Trypan blue exclusion. Hepatocytes were seeded in type I collagen-coated dishes (Sigma-Aldrich, St Louis, MO) at a density of 1 × 10 6 cells/cm 2 and incubated at 37 °C in a humidified atmosphere with 5% CO 2 . Periodic acid Schiff staining and immunocytochemical staining targeting cytokeratin 18 (CK18) were used to identify the purity of the hepatocytes.
siSOCS3 and Transfection
Three siRNA duplexes targeting different encoding regions of rat SOCS3 and one cy3-labeled scrambled siRNA, which served as a silence negative control (Mock), were designed and chemically synthesized (Ribobio, Canton, China). The oligonucleotide sequences were as follows: siSOCS3-1 (targeting sequence: 5′-GGACCAAGAACCTACGCAT-3′), 5′-GGACCAAGAACCUACGCAUdTdT-3′ (sense), and 5′-AUGCG UAGGUUCUUGGUCCdTdT-3′ (antisense); siSOCS3-2 (targeting sequence: 5′-CCAAGAGAGCTTACTACAT-3′), 5′-CCAAGAGAGCU UACUACAUdTdT-3′ (sense), and 5′-AUGUAGUAAGCUCUCUUGG dTdT-3′ (antisense); siSOCS3-3 (targeting sequence: 5′-GGAAGACT GTCAACGGTCA-3′), 5′-GGAAGACUGUCAACGGUCAdTdT-3′ (sense), and 5′-UGACCGUUGACAGUCUUCCdTdT-3′ (antisense).
We optimized the transfection conditions to obtain the highest transfection efficiency and low cytotoxicity. Fifty nmol/l of siRNA was
